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NEW PRACTICAL METHOD DEVELOPED FOR CURING TVI! 


SIMPLIFYING THE CALCULATION OF 
TRANSMITTING TRIODE PERFORMANCE 


By E. E. Srrrzer 
Power Tube Group 
RCA Engineering Section 


NV 


Simple methods of calculating transmitting triode perform- 
ance are presented in this article which give results very close to 
published data. They are applicable to class C amplifiers both 
modulated and unmodulated and also to class B audio amplifiers. 


Published data on transmitting j stantaneous values of grid and plate 


I operating 
conditions excellent 
guides for the operation of the 
tubes. Conditions sometimes arise, 
however, which make other operat- 
ing conditions desirable or neces- 
sary. 


Many amateurs would probably 
like to calculate new tube operating 
conditions but are deterred by the 
apparently formidable mathematics 
involved. In this article, the math- 
ematics for the calculations of class 
C amplifiers are very much boiled 
down by eliminating one variable, 
the length of the plate-current 
pulse. For our calculations, this 
variable is assumed to be 140 de- 
grees of an rf cycle. 140 degrees is 
a representative value for class C 

‘fiers. With this assumption, 
five simple formulas permit calcula- 
of power output, plate loss, 
grid bias, grid current, and driving 
power.’ The same method of calcu- 
ation is extended to class B audio 
\-amplifiers by using a plate pulse of 
180°. Several examples are worked 
out to show clearly how the meth- 
ods are used. 


In the method described here, the 
calculations are based on the in- 


current at the peak of the plate- | 
current pulse. It is well known 
that this peak occurs when the grid 
voltage is at its peak positive ex- 
cursion and the plate voltage is at 
its peak negative excursion. When 
these two voltages are equal, the 
tube has very nearly its optimum 
performance. This important fact 
is recognized in the tube charac- 
teristic curves by the inclusion of a 
curve labeled E-=E». The 812-A 
characteristic curves shown in Fig- 
ure 5 include this limiting curve. 
If we choose a point such as “A” on 
the Ey=E. curve in Figure 5, we 
can read directly the instantaneous 
plate current, the required plate 
and grid voltages, and then, by 
dropping down to point “B” on the 
I. family, we can also read the in- 
stantaneous grid current for the 
same grid voltage. All calculations 
are then made using these values. 


Class C Operation 
{Telegraphy and Telephony) 
It is assumed that we have data 

on the tube including the plate- 

characteristics curves. It is also as- 

sumed that we want to operate at a 

certain value of dé plate voltage, 
(Continued on Page 3, Column 1) 


REDUCING THE HARMONIC POWER 
OUTPUT OF AMATEUR TRANSMITTERS 


By Joun L. Rewantz, W3RB 
RCA Tube Department 


Although it is not generally realized, most amateur transmit- 
ters using but one tuned circuit in the final output stage cannot 


meet the FCC rule stated in Arti 


the reduction of the radiation of harmonic frequenci 


le 17, Act of 1947 with regard to 


's to not less 


than 40 db below the output of the fundamental frequency. 


This article is the first of 


a series on harmo reduction 


which will present some practical methods of minimizing TVI at 


the source. 


Why We Have Harmonics 


All tubes generate harmonic com- 
ponents when operated under class 
C conditions. Each time the grid of 
the tube is driven positive, a cur- 
rent pulse flows in the plate circuit 
of the tube. The current value for 
each of the harmonics produced 
depends on the angle of pl: 
rent flow. For example, for 


current-flow angle of 140° the 
the harmonic relationships' are 
given in Table I. 
TABLE | 
. Equivalent 
Peover level 
Current. referred to 
% of Fundamental 
Component Fundamental (db) 
100 0 


The voltages produced across the 
output cirenit by these harmonic 
components are dependent on the 
magnitude of the impedances pre- 
sented to each harmonic component 
by the tuned circuit and are de- 
pendent to a large degree on the 


| Q of the tuned cireuit, 


The performance of any amplifier 
in a transmitter is determined by 


| both the characteristics of the as- 


sociated tuned circuit and the tube. 
The choice of the tube has been 
made easy for us by the manufac- 
turer who has supplied us with the 
necessary tube characteristics and 
operating values. It is, therefore, 
only necessary to consider the rf 
cirenit constants that should be 
used. C, L, and R can be of various 
values within rather large limits, 
and, if frequency were the only 
consideration, the capacitance could 
be made smail and the inductance 
large or vice versa. The action of 
the reflected load resistance on the 
tuned tank cirenit is to decrease 
the sharpness of tuning as its shunt 
value is made smaller. In actual 
practice, however, there is a com- 
promise value for the three com- 
ponents which results in high 
efficiency and good harmonic sup- 
pression. 

Now, the larger the value of the 
tuning’ capacitor, the smaller the 

(Continued on Page 2, Column 1) 


EXPERIMENTAL MODEL 


This one-stage rig was desi 
Although 


interference. 


sed to reduce harmonic radiation and resultant television 
is not the unit described in HAM TIPS, 


utilizes the 


same practical method discussed. 
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WHAT THE DOCTOR ORDERED 


Comper 
shown 
pulses 

the harmon 
system, Cancellation. of stray harmonic 
plished by means of a cancell 


Pe | 


ind essential for reducing harmonic output 
up. A plate shunt trap in upper right of photo reduces harmonic 
the plate of the 807. An absorptios 

and changes the phase relation with respei 


trap coil, center, tunes to 
to the plate tank tuning 
currents traversing the chassis is accom 
ire shown running parallel chassis. 


HARMONIC POWER OUTPUT 


(Continued from Page 1, Column 4) 
impedance it presents to the har- 
monic component: the  plate- 
current pulse. Consequently. the 
harmonic voltage produced across 
this capacitor is smaller. In addi- 
tion, there is a larger cire 
current in a larger capacitance 
a given power output. It is ul 
ratio. called Q. of the circulating 
voltamperes. (rf voltage times cir- 
culating current) to the power out- 


Figure 1, A single-tuned circuit. 


put, that determines the harmonic 
power that can be passed on. The 
harmonic power is higher for low Q 
and lower for high-Q. cireuits. 

Harmonies are suppressed to a 
considerable extent even by a s 
ple tuned circuit? For example. if 
the tuned tank circuit is as show 
in Figure 1 where R, and Cy are 
the antenna resistance and capaci- 
tance, then the db reduction of 
harmonies in the antenna due to the 
Q of the tank circuit is given in 
Table I. 


TABLE II 


e Harmonie Harmonic 
3 320 315 
0 43. 

1 —170 


= 461 
adding these values to those given 
in Table I gives— 

TABLE Ill 
Pow 


Thiew 
Harmonie 


We see from these tabulations that 
every time we double the Q of the 
tuned circuit the harmonic level 
goes down by 6 db. For the second 
harmonic, however, this reduction 
is still insufficient to comply with 
the FCC rule of —40 db even when 
the Q of the tuned circuit is 20. 


Harmonic Suppression in 
Double-tuned Circuit 


If the cirenit is doubly tuned as 
in Figure 2, there is an even greater 
reduction in harmonics as shown in 
Table IV. 

TABLE IV 


HAR) REDUCTION in db DUE TO 2 


COUPLED CIRCUITS REFERRED TO 
FUNDAMENTAL-FREQUENCY POWER 
Second 


Third 
Harmonic 


Fourth 
Hermonic 
6.8 
33.8 
96.2 
—100.8 


ion 
that whenever the value of Q is 
doubled the harmonics are all re- 
duced by 12 db. Another important 
fact that can be deduced from these 
tables is that it is better to have a Q 
of say 10 in each tuned circuit of 
Figure 2 than to have a Q of 20 in 
the single tuned circuit of Figure 1. 
Now we can meet the FCC rule of 
—40 db for harmonic radiation if 
we use a Q of 10 or better in each 
of the tuned circuits. This —40-db 
value represents 0.01 watt for an 
amateur station radiating 100 watts 
at the fundamental frequency. 


Field-Strength Considerations 
Let us consider the field strength 
produced by an antenna. The field 


strength produced by « horizontal 
half-wave dipole® is 


E=23 a wolke;per mstee, 


where P is the radiated power in 
watts and d is the distance in feet 
from the radiator to the point where 
E is measured. This value can be 
considered an average value. Actu- 
ally, the field strength varies with 
distance between a lower and higher 
value because of subtraction and 
addition of the wave reflected from 
the ground and the direct wave, 
and also because the configuration 
of the lobes changes with the effec- 
tive length of the transmitting 
antenna for any particular har- 


monic. The formula is useful for 
distances up to about 650 feet. 
Since the amateur is concerned with 
distances within this value down to 
say 50 feet. the above formula for 
field strength applies. Inversion of 
the formula will give the power 
required to produce a.given field 
strength, : 
P=1880 (Ed)* microwatts, 
where E is in volts/meter and d is 
in feet, 

The limiting field strength for the 
service area of a television trans- 
mitter is considered by the FCC to 
be 500 microvolts per meter in 
residential and rural areas. It has 
been determined that an interfering 


Figure 2. A double-tuned circuit. 
signal of 1/100 this value is not 
objectionable. The amateur, there- 
fore, should not produce an inter- 
fering field greater than 5 micro- 
volts/meter for such a service area. 

Let us now find the power re- 
quired to produce such a field at 
500 feet. 

P=1880 (5x 10° 500)*=0.012 mi- 
crowatts. 

Compare this 0.012-microwatt value 
with the 0.01 watt (10000 micro- 
watts) which the present FCC rul- 
ings allow for harmonic radiation 
when the radiated fundamental 
output is 100 watts. A 0.01- micro- 
watt value represents a power ratio 
of harmonic to fundamental values 
of 10" or —100 db when the power 
radiated at the fundamental is 100 
watts, This changes to 10” or 


CURING TVI 


“Reduction of Harmonie Pou 
Outm Amateur Transmitter 
published in this issue of HAM TIPS 


is the first of a series of articles on | 
this important. subject by John Ee 
Rei WRB, a member of the 
RE: Department and. one of 
nation’s best-known Radio Ama 
In his next article Captain 
Reinarts will describe further 
method of attack on TY interfer 


-110 db «when the fundamental 
power is 1000 watts, These values 
are far more severe than the —40 
db level currently required, but 
are what the amateur must attain 
if he wants to stay on good terms 
with the general public. 


Other Methods of Reducing TVI 


Because even two tuned tank cir 
cuits may fail to reduce an interfer- 
ing signal to the —100 or —110 db 
level, other means must be found. 
Several good articles on the subject 
have appeared in amateur maga- 
zines, Mack Seybold has shown in 
the August 1947 issue of QST that 
the addition of trap circuits in the 
plate lead of the final class C stage 
will reduce the harmonic level 
some 40 to 50 db and if considered 
along with two umed tank circuits 
may reach the desired —100 or 
—110 db level. 


Harmonic Suppression 


In eases where even the processes 
outlined above fail to reduce the 
interference to television reception 
at distances shorter than 500 feet, 
it will be found advantageous to 
resort to additional grounded trap _ 
ireuits tuned to the imerfering 
‘These trap circuits should 
be closely coupled to the hot end of 
each plate tank circuit of every 
stage in the transmitter. Such a 
system, devised by the writer, was 
found’ capable of apparently 
completely cancelling a harmonic. 
Because every rf stage in a 
transmitter amplifies the harmonic 
components present in its grid ex- 


(Continued on Page 3, Column 3) 


It takes a lot of cathode emi 


IN DOUBLER SERVICE EMISSION COUNTS 


as 


eae 


LY LM 


ion to back up heavy peak plate current pulses when 
driving @ frequency-multiplier tube for optimum 


That's why RCA high-trans. ~ 


conductance beam power tubes are preferred types for medium-power doubler and 
tripler service. They produce maximum plate-current swing for a given grid. signal 


voltage. And they have the high-power filaments and heater-cathodes required to 


handle high peak plate-current . 


« with emission to spare. 
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SIMPLIFIED CALCULATIONS 


(Continued from Page 1, Column 2) 
Es, and with a certain average plate 
current, Is. We want to know power 
output, P., grid bias, E., de grid 
current, I, and driving power, Pa 

First we find the peak plate cur- 
rent. This value is 4 times the 
average plate eurrent, [,. Then, we 
go to the plate-characteristics curves 
and on the curve Ee=E», we find 
the instantaneous plate voltage em 
and the instantaneous grid voltage 
ec, at which we get the plate cur- 
rent of 4 I. With these values, to- 
gether with the amplification factor, 

#, obtained from the tube data, we 
then apply the following formulas. 
Power output 


Po=0.86 (En—en) Ip (watts) (1) 
Plate loss 

Pps Es In—Po (watts) (2) 
Grid bias 


By wen 
Be 40.52 ®t « }(volts) (3) 
Peak rf driving voltage 
ecmEc+ee (volts) ) 
To get the de grid current, I., we 
first have to calculate — the ratio 
of the grid bias to the peak rf 
driving yoltage and then from Fig- 
ure 4 get = the ratio of average 
grid current to, the instantaneous 
grid current at Ee.=Ey. The in- 


stantaneous grid current is obtained 
from the characteristic curves. 


Then, the average grid current, 


Temicx (ratio from 


Figure 4), (amperes) G) 
and driving power 
Py=0.9x eg %Te (watts) (6) 


The calculated power output fig- 
ure as well as the published typieal 
power output values are theoretical 
values of tube output which include 
both useful output and rf losses in 
the tube, in the tank circuit, and 
associated wiring. Useful rf power 
obtainable, therefore, will depend 
on the efficiency of the circuit and 
in turn upon the quality of com- 
ponents and circuit layout used. 

The calculated value of driving 
power includes only the actual 
power input to the grid plus the 
power 


lost in the bias supply. It 
ee Rd 
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Figure 4. Curve from which ratic of 


+ is obtained. 


does not include rf losses that occur 


in the driver-stage tank circuit, in 
coupling from the driver stage, in 
the soeket and wiring or losses in 
tubes caused by transit-time load- 
ing, The driver stage power out- 
put, therefore, should be substan- 
tially greater than the calculated 
value of driving power in order to 
provide an adequate range of ad- 
justment for optimum transmitter 
performance, 

Exam, 

‘As a check, this method may be 
applied to the 1500-volt ICAS Teleg- 
raphy condition given in the pub- 
lished data for the 812-A (Figure 6 
on page 4). The given conditions 
are Ey=1500 volts, In—173 Ma. 
#=29. The peak plate current is 
4173 =692 ma. This value of cur- 
rent can be obtained at cc=ev=120 
volts, as given in the plate charac- 
teristics, Figure 5, at point A. 
Power output 

P.=0.86 (1500—120) 0,173 
=205 watts 
Plate loss Ps=1500 x 0.173205 
-259—205 —=54 watts 


Grid bias 


Peak rf driving voltage 
e¢=116-+ 120=236 volts 


E, _ 116 
Fe Ue oa 
ont ne 


From Figure 4, 2s = 0,175 


From the characteristic eurves (Fig- 
ure 5) for ec—e,=120 volts, 
220 ma. or 0.220 amp. at point “B". 


(Continued on Page 4, Column 1) 


Page 3 


FOUNTAINHEAD OF 


dmeteurs everywhere look to RGA tube publications for ecturote dele 4 


iweness. For infornrati. 


tioned author 
Re 


TUBE INFORMATION 


ungues 
on the material shown, see your local 


CA Distributor, or write Commercial Enginering, RCA, Harrison, N. J. 


abs HLA 


Fy 


HARMONIC POWER OUTPUT 


(Continued from Page 2, Column 4) 
citation voltage, the first place to 
get rid of the harmonic is at the 
crystal oscillator plate-tank circuit, 
‘What may be left can be taken care 
of in subsequent stages at their 
respective plate tank circuits. 


To prove the effectiveness of this 
system, a 2E26_ oseillator-doubler, 
controlled by a 7-Me crystal, fol- 
lowed by an 813 final was built 
having the shunt traps roughly 
tuned to 28 Me and the grounded 
traps (tuned to the offending har- 
monic, approx. 28 Mc) coupled 
closely to each plate tank circuit. 


In some cases, it may be necessary 
to lune one or more of these traps 
to the third harmonic, to obtain 
greater reduction of interference. 


The essentials of this circuit are 
shown in Figure 3. A. television 
receiver was set up ten feet away 
and connected to a standard 90” 
folded-dipole antenna through 
100” of 300-ohm, twin-lead_trans- 
mission line. The antenna for the 
transmitter was strung within 8 feet 
of the TVR antenna. With normal 
excitation to the 813 tube in the 
20-meter band and with the TVR 
tuned to channel 2, it was possible 
to operate the transmitter with 
100% 60-cyele modulation without 
undue interference to the TVR even 
though the transmitter was incom: 
pletely shielded in that the entire 
top cover of the transmitter cabinet 
was removed, The measured output 
from the 813 was adjusted to 150 


watls as a convenient value for test- 
ing purposes. 

A cathode-ray oscilloscope was 
connected to the grid circuit of the 
receiver kinescope to allow further 
visual indication of the interference 
caused by the transmitter when the 
sely coupled groundedarap cir- 
its were detuned. Under such 
conditions the pattern on the Kine. 
scope was a maze of interference 
and the CRO tube showed a pattern 
with both rf and 60-cycle com- 
ponents present at the grid of the 
kinescope. All these patterns dis- 
appeared when the grounded plate 
traps were properly tuned. The 
shunt traps in series with the plate 
circuits of the two tubes needed 
only to be tuned to the inductive 
side of resonance of the un- 
wanted harmonic. This tuning was 
not critical. To obtain the results 
deseribed, the grounded-trap coil 
should be located at the hot end 
of the tank coil and wound on the 
same form and in the same direc- 
tion. Ground the trap coil at the 
far end, away from the tank eoil. 

It is realized that a complete test 
requires that the TVR be tuned to a 
television station signal in order to 
determine if any interference may 
still be present that could not be 
detected under the test conditions 
outlined above. Such tests are under, 
way and will cussed in the 
next article of this series. 


‘Radio Engines 
Fig. 86 
and Rewer“, Proc. IRE.. Val. 19, pp. 
949-962, 1931 
sRMA lion R4.2860-A (July 1988) by 


Handbook, FE Terman, 


W. T. Wintringham. 
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Figure 5. The 812-A characteristic curves. 
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Figure 3. Schematic of method devised 10 cancel transmitter harmonics. 
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AF POWER AMPLIFIER & MODULATOR—Class B 


Maximum Ratings, Absolute Values: 
DC PLATE VOLTAGE. 


MAX.SIGNAL DC P! 
MAX-SIGNAL DG PLATE INPUT*. 


PLATE DISSIPATION®. 


Typical Operation: 


sistance Le-to-| 
Bower (Apres) 
lutput (Approx.) 


PLATE-MODULATED RF POWER AMP.—Class C Telephony 
Carrier conditions per tube for use with 
a max. modulation factor of 1.0 


Maximum Ratings, Absolute Values: 
DC PLATE VOLTAG! 
DC GRID VOLTAGE. 
DC PLATE CURREN 
PLATE INP! 

PLATE DISSIPATIO} 


# 


## Modulation essentially negative may be used if 0 


HAM TIPS November—December 1948 
Typical Operation: 
volts 
ccs ICAS volts 
1250 max. 1500 max. volts ohms 
‘175 max. 175 max. ma volts 
165 max. 235 max. waits mat 
45 max. 65 max. watts ma 
watts 
watts 
volts ae A 
volts Key-down conditions per tube without modulation # # 
von — Maximum Ratings, Absolule Values: 
ma 
DC PLATE VOLTAGE. volt 
ohms DG GRID VOLTAGE, volts 
Watts. DC PLATE CURREN’ A 
DC GRID CURRENT. ma 
PLATE INPUT... watts: 
PLATE DISSIPATION .. 45 max. watts 
Typical Operation: 
1500 volts 
Icas ~120 volts 
pore) Stott om 4 
=200 max. volts 240 ‘volts 
150 max. ma 173 ma 
‘35 max. ma 30 ma 
17S max. watts 6.5 walls, 
45 max. watts 190 watts, 


positive peak of the audio-frequency envelope does not exceed 115% of the carrier conditions. 
ire 6. General data for the 812-A. 


SIMPLIFIED CALCULATIONS 


(Continued from Page 3, Column 2) 
‘Therefore, the average grid current 
I.=0.220 x 0.175 =0.038 amperes 
and the driving power 
Pa=0.9 x 236 x,0.038=8.0 watts 

A comparison between these cal- 
culated values and the published 
data for the 812-A is shown in 
Table 1 below. 

It can be seen from this com- 
parison that for practical purposes 
there is a satisfactory agreement be- 
tween published and calculated 
values. 


Class B Operation 
(Audio Frequency) 
For class B audio operation it 
may be assumed E, and It are 
given, In this case, Ip is the plate 


current for both tubes of the push- 
pull amplifier. 


TABLE 1, (class C) 


Then, peak plate current for two 
tubes in=1.57 In (7) 


At the value of ix given by (7) 
we determine the peak grid voltage 
ec and the peak plate voltage ey on 
the Ec=E» curve. 


The following formulas apply: 


Power output for two tubes, 
Po=0.78 (Ex—ev) Ip (watts) (8) 


Plate loss per tube, 
Py=2(Es In—Po) (watts) (9) 


The grid bias should be chosen 
so that at Ex, a zero-signal current 
flows which produces a plate dis- 
sipation of about % the rated dis- 
sipation. Thus, if each tube is rated 
to dissipate P} watts, 


Zero-signal plate current for two 
, 2P 
tubes = I, = ze omer) ao) 
Published 
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it 
The bias required for this plate 
current can be found from the char- 
acteristic curves. The peak grid 
drive per tube is then the sum of 
the bias and ee (=e») which was 
determined for equation (8). 
Peak grid-to-grid driving voltage 
=€r=2(ec+Ec) (volts) ql) 


The required plate-to-plate load 
resistance 


Ry = 2.6 (E, — @,) (ohms) 
I, 


Ib 


(12) 


The maximum-signal driving 
power for two tubes, 
Wa = ic eg (watts) 
4 


(3) 


where i, is the grid current in 
amperes at the point found for 
equation (8). 

Example 


Again consider the typical oper- 
ating conditions given in the pub- 
lished data for the 812-A as a class 
B AF power amplifier in ICAS serv- 
ice. e data given are Ey=1500V, 
In=310 ma. or 0.310 amperes (2 
tubes). 


Then the peak plate current in— 
157X310=487 ma. 


From the E.—Ey curve in Figure 
5 we get 487 ma. at ec=90 volts and 
eo=90 volts. 

Then from equations (8), (9), 
and (10), power output for two 
tubes P,=0.78 (1500—90) 0.310 
=340 watts. Plate loss per tube 


TABLE 2. (class B audio) 


Bese Load Resistance (Pla 
Max-Signal Power Output (Po. 


Py = 3(15000310—340) = 62.5 
watts. Zero-signal plate current for 
two tubes 


[= as = 0.029 amperes. 

The required bias for a plate cur- 
rent (per tube) of 14.5 ma. at 1500 
volts can be found from Figure 5 
and is about —48 volts. 


ion (11), 
Peak grid-to-grid driving voltage 
e¢=2(90-+-48) =276 volts, 


From equation (12), plate-to- 
plate load resistance RL 


2.6 x (1500—90) 
0.310 


To get the driving power, we first 
need the peak grid current at ee =e» 
=90 volts, This value is obtained 
from Figure 5 and is 130 ma. or 
0.130 amperes. Then, driving 
power for two tubes 
P, 0.130 x 276 

a a 


The calculated values may now 
be compared with the 812-A pub- 
lished data, as shown in Table 2 
below. 


Then from equi 


=11,800 ohms 


=9 watts. 


Again, the approximate calcula. 
tions give results in good agreement 
with the published data. 


Published 
Data 


‘Values 


1500 volts 
=48 volts. 
270 volts 


340 watts 


others. Information contained herein is furnished without respon: 


iy by RCA for ite use and 
i 


